search Training Grant 5 TI HE 5570 of the National Heart Institute, U. S. Public Health Service. 906 in the left atrium, between the left pulmonary veins, posteriorly, and the base of the left atrial appendage, anteriorly. The hemiazygos vein joined the left superior vena cava after arching over the left main bronchus in a mirror-image fashion to the junction of the azygos vein with the superior vena cava on the right side. In four cases, an innominate bridge between the two superior venae cavae was absent. In the fifth case (case 5), wherein the right superior vena cava was absent, the right innominate vein crossed the midline to terminate in the left superior vena cava.
Absent Coronary Sinus
In each of the cases studied, the coronary sinus was absent. The ostium of the left superior vena cava was in the left superior aspect of the left atrium between the base of the atrial appendage and the left superior pulmonary vein. Anteriorly and to the left of this ostium a valve-like structure was seen in three cases and a ridge in a fourth case. The cardiac veins drained individually into the corresponding atria.
Atrial Septal Defect
In three cases there were no malformations of the atrioventricular valves, while in two cases the atrioventricular valves showed clefts characteristic of those in persistent common atrioventricular canal.
In three cases without valvular deformities, the atrial septal defect exhibited certain characteristics, to be described. From sinius. From this view the size and position of the defect might simply suggest an enlarged ostium of a coronary sinus. The defect was located postero-inferiorly to the fossa ovalis, inferior and medial to the ostium of the inferior vena cava, and above the septal leaflet of the tricuspid valve. Some septal tissue lay between the atrial septal defect and the tricuspid valve. The inferior limb of the fossa ovalis separated the fossa ovalis from the atrial septal defect.
When viewed from the left atrial cavity (figs. lb, 2a and c), the atrial septal defect was above the posteromedial commissure of the mitral valve, and septal tissue separated the defect from the mitral valve. The defect was bounded anteriorly, sutperiorly, and inferiorly by atrial septal tissue. Posteriorly, it was bounded by the posterior atrial wall. The defect, as described, possesses three features that distinguish it from the atrial Circulation, Volumte XXXI, June 1965 septal defect of persistent common atrioven-itricular canal. In the latter condition ( fig. 3a ), (1) the atrial septal defect is centered over the central portion of the cleft anterior mitral leaflet, (2) nio septal tissue separates the atrial septal defect from the atrioventricular valves, and (3) septal tisue is present l)etween the posterior atrial wall and the defect.
In contrast, the defect of the conditioni described (1) is centered over the posteromedial commissure of the mitral valve, (2) is separated from the atrioventricular valves by septal tissue, but (3) is not separated from the posterior atrial wall by septal tissue.
In two cases the AV valves slhowed clefts eharacteristic of those in persistent common atrioventricular canal. In these, the atrial septal defect w as larger and had features different from the three cases in which no valvular malformations were present ( fig. 3 b and c). The atrial septal defect appeared to 90)7 ocecipy in continuiiity the positions of both the defect considered specific for the entity being described and the atrial septal defect of classical persistent common atrioventricular canal.
Clinical Observations
The essential clinical findings in the five patients wxho died and in the three living paticnts are givenl in tabtular form in table 1.
Iinitially, wheni the five patients on whom iieropsy was eventuially done w,ere studied clinically, no suspicion of connection of a venia cava Nxith the left atrium was entertained. In one patient (case 3), however, cardiac catheterization initially had been attempted through a left antecubital vein. The cardiac catheter vas advanced into the a. Left side of Ieart itn a ciassic example of persistentt common70 n/trioventrictldar cr1tal. JIC dcfcct (D) of the atrial septim characteristically lies superior to the cleft (betwceen arrows) in the anterior leaflet of the mitral valve, while above thie posteromedial conmmiissulre (PC) of thle miitral valve is a small amounrlt of atrial septal tissuie. l. Case 4. Left atriumr?l anzd left ventricle (LV) in a case itn wchich the developmental comnplex h7ereint describedl tas associated withl persistent common atrioventricular canal. In r contrast to the atrial septal dlefect characteristic of isolated persistent commtzont atriovenitricildar canal show mm in a, tfhe dlefect here extetnds to the posterior wall of the atriumyz. The ceniter of the defect lies somewhliat posteuior to the cleft in the aniterior leaflet of the mitral valve. As part of thle developmental complex twhiich is tIne suibject of this report, the left stiperior rena cava (LSVC) joitns the left atriumiii. Nso cooroary sinulls teas present. c. Case 5. Left atrimnt andl left ventricle (LV). The features in this ease, arc essentiallhi like those of the caIse illiustratel in1). The exception is that the atrial septal defect is larger tharn it b, btut is of the sam71e type int that its posterior bonutidary is formed by the atrial twall. Alotng thte left margin of the junction of the left superior venla cCav (LSVC) andl the left atriumct is a fold (arrows) resembling a valve-like flap. AA, left atrial o.stiumiii of the left atrial appenclage. left stuperior vena cava, left atrium, and left ventricle. This was subsequently substantiated by angiocardiography. In the remaining patients the clinical findings bad been considered as explained by the septal defects present (atrial septal defect in each case; ventricular septal defect in two).
In retrospect, it is interesting to note that, in all but one (case 4) of the five cases, duskiness of the skin was apparent, even though an atrial septal defect xvas the only intracardiac defect in two of these four patients (cases 2 and 3). In the latter two cases the levels of oxygen saturation were 89 per cent in the left atrium in one (case 2) and 92 per cent in a femoral artery, in the other (case 3').
Similarly, in the three living patients, the initial clinical impression did not include a diagnosis of a systemic venoIIs anomaly, although mild cyanosis was recorded in two Circutlaon, Volurie XXXI, Jr.e 1965 eases (cases 6 and 7). Levels of oxygen saturation of the blood, either in a left-sided chamber or in a femoral artery, were 86, 92, and 93 per cent, respectively.
In two (cases 7 and 8) of the three living patients, the cliniical diagnosis of termination of the left superior venia cava in the left atrium was made by cardiac catheterization wheni the heart was explored by a catheter throuigh one of the left brachial veins. In each, suispicion of such a termination was substantiated by aingiocardiography. In the third pa-tieIlt (case 6) the initial cardiac catheterization vas done through one of the right-sided veinis. In this case, however, the diagnosis of left superior venia cava terminating in the left atrium was made after advancing the tip of the catheter through the left atrial cavity, and tlhenl inito the left suiperior vena cava. The venlouis aniomaly was substanitiated later by an-giocardiography performedl throuigh a left antecubital vein. Each of the latter three cases was operated upon, for closure of an atrial septal defect in two instances, and a ventricular septal defect in the third. In none was the anomalous left superior vena cava surgically interrupted. In one of these latter cases (case 7) uncertainty still exists as to whether an atrial septal defect is present. In this case, the atrial aspect of the heart was not explored at the time of operation. In the condition under consideration, an intracardiac right-to-left shunt forms part of the functional abnormality. It is of interest that cerebral complications occurred in two of the cases. In one case, involving a 2-yearold girl (case 2), symptoms of cerebral disease began acutely 8 months after the atrial septal defect was closed and 1 day before death. The brain, although not the site of a distinct abscess, showed unilateral acute encephalomalacia with thrombosis of the right internal carotid artery and signs of meningitis.
In the second case (case 8), a brief and self-limited illness suggesting an acute cerebral process had occurred about 1 year before closure of the atrial septal defect. It is of interest that, in this case, the cerebral disease was the initial abnormality leading ultimately to a diagnosis of congenital cardiac disease.
Electrocardiographic Observations
Electrocardiograms were available for study in each of the eight cases.
In two cases (cases 4 and 5), each with associated persistent common atrioventricular canal, the electrocardiographic tracings were classic for this type of cardiac defect.
In four cases (cases 2, 3, 6, and 8) with no intracardiac defects other than the characteristic atrial septal defect, the electrocardiograms were similar to those in the patients with uncomplicated atrial septal defect.
In each of the remaining two patients (cases 1 and 7) with associated ventricular septal defects, the electrocardiograms showed right axis deviation and right ventricular hypertrophy.
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Physiologic Observations
Cardiac catheterization was performed in seven of the eight cases. A vein of the right arm was used in three cases, in each of which a transatrial left-to-right shunt was identified. In two of these cases (cases 2 and 4), no unusual course was displayed by the catheter, while in the third case (case 6), the catheter passed from the right atrium -through the atrial septal defect into the left atrium and finally into the left superior vena cava.
In each of the four remaining patients (cases 3, 5, 7, and 8), in whom cardiac catheterization was done, the initial catheterization was attempted through a left antecubital vein. In each, the catheter followed a usual course in the thoracic cavity to the level of the left superior mediastinum. At this point, the catheter, instead of crossing to the right side of the superior mediastinum, took an unusual turn and descended in line with the left sternal border to enter the left atrium. From the latter chamber the tip of the catheter was advanced into the left ventricular cavity. In three cases (cases 3, 7, and 8), angiocardiography was performed while the catheter was in the left superior vena cava, and the diagnosis of anomalous termination of this vein in the left atrium was thus confirmed.
Near-simultaneous values for oxygen saturation in both atria were obtained in three subjects (cases 2, 6, and 8). In each of two cases the levels were almost identical. In one case (case 2) the values were 90 per cent in the right atrium and 89 in the left, while in case 6 the values were 85 and 87 per cent, respectively. In the third case the level of oxygen saturation in the right atrium was 89 per cent; in the left atrium, 93 per cent. In each of these cases the left atrial pressure was slightly higher than the right atrial pressure (greatest mean pressure difference being 3 mm. Hg).
In those cases with an intact ventricular septum, the pulmonary arterial pressure was in a normal range. When a ventricular septal defect was also present, the pulmonary pressure was elevated.
The levels of oxygen saturation of blood as measured from a left-sided cardiac chamber or a systemic artery varied from minor degrees of desaturation to values that bordered on the normal (table 1) .
Radiologic Observations
Thoracic roentgenograms in each of the eight cases revealed signs consistent with those of a left-to-right shunt, in the form of cardiomegaly and prominent pulmonary vasculature. In those patients with additional cardiac malformations (cases 1, 4, 5, and 7) the signs were more prominent than in the others. In four patients (cases 5, 6, 7, and 8) there was an unusual shadow along the left superior mediastinum corresponding to the left superior vena cava as demonstrated by angiography. The left atrium was not significantly enlarged in any of the cases.
Angiocardiography ( fig. 4a and b) was done through a left antecubital vein in four patients (cases 3, 6, 7, and 8). In each, the unusual shadow noted in plain films became opacified and merged with the left atrial cavity above the level of the left hilum.
At the junction between the left superior vena cava and the left atrium, the cava was quite large. After the opacification of the left atrium, the left ventricle and aorta were opacified normally. In one patient (case 7) the right atrium also opacified, indicating a left-to-right shunt at the atrial level. In the lateral views the dilated left superior vena cava seemed to join the left atrium superiorly.
This appearance is quite different from the more common termination of the left superior vena cava in the coronary sinus, in which the junction with the right atrium is much lower and to the right side of the spine.
Developmental Considerations
The developmental complex described in this report appears to result from faulty development in the sinoatrial region of the heart.
Before attempting an explanation for this At the 10-11 somite stage, the central cardiovascular system is represenited by paired tubes which, in part, ultimately fuse. The fusion begins at the cephalad end and conitinues toward the cauidal end. Thus, a single tubular heart is formed, retaining its paired identity at the cauidal end.
The Davis': ohservations were that the cephalic migration and growth of the atrium, wlvich starts wxhen the hullboventrictular U loop is formed, becomes siginificant at the 11-20 paired-somite stage.
As the rapid cephalad growth of the orflTmon. atriuim continiuies, a suilcuis bhegins to develop ( fig. 5 . II) at the left side of the junction between the sinus venlosus and the conmmoni atriuim. From within the heart, the site of the sulcus is represented by a fold4 between the sinuls veinosus and the left side of the common atrium. With the deepening of the left atriiovenion.s sulcus, this fold progresses from the left side towvard the midline of the common atriuim. By the completion of 20 paired-somite stage the atriovenotis fold separates most of the left side of the common atrium from the sinus venosus. Some communication between the left side of the common atrium and the sinus venosus, however, is still On the right side, an atriovenous sulcus also develops. This separates the right side of the common atrium from the sinus venosus. In spite of this, the sinus venosus remains connected with the dorsal part of the entire width of the right side of the common atrium.
The left horn of the sinus venosus diminishes in size and, in concert with this, growth of the transverse portion of the sinus venosus becomes retarded. The diminution in size of the left horn results chiefly from the beginning of obliteration of the left umbilical vein. The right horn begins to receive the hepatic veins and thus enlarges.
Along with the changes at the region of the sinus venosus, the common atrium enlarges significantly and it seems that the right half surpasses the left part in volume. By the abutment of the distal portion of the bulbus cordis against the upper and anterior wall of the common atrium, a blunt prominence is formed, which projects into the atrial cavity. Toward the end of the 20-somite to 6-mm. stage, a sickle-shaped protrusion is formed on the aforementioned intraatrial prominence, the protrusion to be known as the interatrial septum primum.
In embryos between 6 and 9 mm., the sinus venosus is completely separated from the left side of the common atrium by progression of the left atriovenous fold toward the right where, in the vicinity of the midline of the common atrium, the fold fuses with the septum primum.
In separating the left side of the common atrium from the sinus venosus, the left atriovenous fold provides part of the posterior wall of the left atrium. It also acts as the anterior wall of the left side of the sinus venosus, thereby creating the coronary sinus. As the anterior wall of the newly formed coronary sinus is the left atriovenous fold, the posterior wall of the coronary sinus is the tissue of the transverse part and left horn of the sinus venosus ( fig. 5 , IV).
Following development of the coronary sinus by the process described, the left atrium enlarges. This results in compression Circulation, Volume XXXI, June 1965 and stretching of the left horn of the sinus venosus and of the left anterior cardinal vein. This obstruction in the anterior cardinal system stimulates development of collateral channels between the left and right anterior cardinal veins, ultimately leading to establishment of the bridge between the two anterior cardinal veins, known as the left innominate vein. The resulting increased blood flow through the right anterior cardinal vein causes the right horn of the sinus venosus to enlarge and to appear to ascend against the posterior wall of the right atrium. Gradually, the cavities of the right horn of the sinus venosus and the right side of the atrium merge to form a common cavity known as the right atrium. Accounts on development of the atrial septum do not indicate that the left atriovenous fold plays a role in formation of the final atrial septum. From the nature of the anomalies in the entity being considered, it seems probable that the left atriovenous fold, either by contributing to the atrial septum or by supplying a support to the septum primum at its posterior aspect, participates in closing the postero-inferior angle of the interatrial ostium primum.
More anteriorly, the interatrial ostium primum is closed by fusion of the septum primum with the atrioventricular endocardial cushion, a process that is generally recognized.
From the foregoing, it seems that the fundamental developmental abnormality in the condition reported is failure of completion of the left atriovenous fold ( fig. 6 ). With this deficiency, the left side of the sinus venosus would maintain continuity with the left atrium and would be represented grossly as termination of the left superior vena cava in the left atrium. Failure of the full growth of the left atriovenous fold would deny the septum primum an anchor, posteriorly, and account for the characteristic defect of this condition.
Moreover, as the coronary sinus is derived, in part, from the left atriovenous fold, a deficiency of the fold would result in absence of the anterior wall of the coronary sinus. That part of the posterior wall of the definitive left atrium would be derived from that part of the sinus venosus that n(ormally contributes the posterior wall of the coronary sinus. Furthermore, failure of full growth of the left atriovenous fold may be associated with failure of full development of atrioventricular endocardial cushion tissue, the latter accounting for persistence of the common atrioventricular canal. The association of these two developmental anomalies will result in a common atrial septal defect, part of which is in the position of the atrial septal defect in persistent common atrioventricular canal, and part in the position of the atrial septal defect specific for the anomaly being discussed.
Discussion
Among reported instances n otermination of the left superior vena cava in the left atrium in which necropsy had been done, atrial septal defect is commonly, though not universally, mentioned .5-14 When an atrial septal defect is identified, its position is usually not clearly defined. In a case studied clinically by Mankin and associates,13 an atrial septa] defect was considered in association with termination of the left superior vena cava in the left atrium. In that case, the pulmonary veins joined the left superior vena cava.
An atrial septal defect was identified in seven of our eight cases. In the remaining case, an atrial septal defect, although not specifically identified, cannot be excluded.
It is still uncertain whether termination of the left superior vena cava in the left atrium is always associated with an atrial septal defect. Nonetheless, it seems appropriate to consider that a specific developmental complex exists in which the venous anomaly mentioned is associated with a defect in the postero-inferior angle of the atrial septum. This complex appears to be derived from incomplete separation of the sinus venosus from the left atrium.
One of us (J. E. E.) earlier had considered the atrial septal defect of this condition not a true defect of the atrial septum. Rather, it was considered that the anterior wall of the coronary sinus was deficient and therefore allowed an interatrial communication. 15 We are now of the opinion that the interatrial communication in the condition under discussion is to be considered a true atrial septal defect of a specific type and associated with absence of the coronary sinus.
From our material, it is apparent that termination of the left superior vena cava in the left atrium may be associated with persistent common atrioventricular canal (two of eight cases). In such instances, the extensive distribution of the atrial septal defect suggests that the defect represents confluence of the atrial septal defect which is part of persistent common atrioventricular canal and the defect which is specific for the developmental complex here described.
Usually, vhen the left superior vena cava terminates in the left atrium, the left innomi-nate venous bridge between the two superior venae cavae is absent. This probably reflects absence of obstruction to flow in each superior vena cava. Support for this thesis comes from two cases"' 12 of termination of the left superior vena cava in the left atrium, in each of which an innominate venous bridge was present. In each of these cases the right superior vena cava was narrow. Obstruction in the latter vessel probably favored the development of collateral flow to the left superior vena cava, the major collateral channel being a developed innominate venous bridge.
Calculations of the venous return to the heart show that under normal conditions about one third of total venous return is through the superior vena cava.'0
In cases as those herein reported, in which the two superior venae cavae are of about equal size, one may assume that about one sixth of the systemic venous return is to the left atrium. The latter results in desaturation of the left atrial and systemic arterial blood. This may occur to such a degree as to cause cyanosis or duskiness. Such was observed in three of the four patients (cases 2, 3, and 8) in this series in whom there were no additional intracardiac abnormalities.
In our series, the diagnosis of termination of the left superior vena cava in the left atrium was made only when the heart was explored with a catheter through a left antecubital vein; this was substantiated by angiocardiography. In one case, however, during cardiac catheterization, the catheter was easily advanced from the right atrium to the left and into the left superior vena cava. Later studies through a left antecubital vein substantiated the termination of the left superior vena cava in the left atrium. Angiocardiography was the most reliable procedure with which to establish whether a persistent left superior vena cava terminates in the coronary sinus or in the left atrium. In the present series the atrial septal defect has been successfully surgically closed in three instances. One of these patients (case 2) died 8 months after operation, of central nervous Circulation, Volume XXXI, June 1965 system complications; the left superior vena cava had not been interrupted surgically. The other two patients (cases 6 and 8) are living. In each of these cases the arterial oxygen saturation, determined postoperatively, is below normal levels, thus further confirming the drainage of venous blood through the left superior vena cava into the left atrium, even after closure of the atrial septal defect.
In none of the patients in this series in whom surgical closure either of an atrial septal or ventricular septal defect was accomplished had the left superior vena cava been ligated or interrupted.
There are two cases in the literature in which the left superior vena cava was ligated successfully"1 12 after confirming the presence of the right superior vena cava and an anastomosing vein between the two superior venae cavae.
The occurrence of complications in the central nervous system in two of our patients, which resulted in death of one, suggests that interruption of the left superior vena cava or anastomosis of this vein with the right superior vena cava should be done to avoid complications of a right-to-left shunt.
Summary
Eight cases of termination of the left superior vena cava in the left atrium are reviewed pathologically and clinically.
In three of the five patients who died, pathologic examination revealed three anomalies which, together, are considered to form a developmental complex. The anomalies are (1) termination of the left superior vena cava in the left atrium, (2) absence of the coronary sinus, and (3) an atrial septal defect lying in the postero-inferior angle of the atrial septum. In the two remaining fatal cases, the aforementioned anomalies were associated with persistent common atrioventricular canal. In this situation, the atrial septal defect of the latter malformation was confluent with the atrial septal defect of the anomalous complex described. The coexistence of three anomalies-the left superior vena cava terminating in the left Circulation, Volume XXXI, June 1965 atrium, absent coronary sinus, and atrial septal defect-is considered to result from a single developmental abnormality. This takes the form of failure of complete formation of the left atriovenous fold, that fold which normally develops along the left side of the junction of the sinus venosus and the atrial portion of the heart. Clinically, features of increased pulmonary blood flow, coupled with duskiness of the skin, were the significant abnormalities.
When cardiac catheterization was attempted through a right-sided vein, the data revealed a left-to-right shunt at atrial level, while levels of arterial oxygen desaturation were present.
Except in cases with coexistent ventricular septal defect, pulmonary hypertension was absent.
In each of the four patients in whom cardiac catheterization was performed through a left antecubital vein, the catheter was advanced into the left superior vena cava, left atrium, and left ventricle. This was substantiated by angiocardiography in three of the four patients. In our experience, angiocardiography was the most reliable procedure to substantiate the termination of the left superior vena cava in the left atrium.
The present study suggests that, in the absence of pulmonary hypertension, a left-toright transatrial shunt associated with systemic arterial oxygen desaturation may indicate the presence of a persistent left superior vena cava terminating in the left atrium. Moreover, an atrial septal defect identified surgically as lying in the postero-inferior angle of the atrial septum should suggest that an additional anomaly may be present in the form of termination of the left superior vena cava in the left atrium.
